A sensitive and selective kinetic-spectrophotometric method is proposed for the determination of µg mL -1 amounts of Cu 2+ based on its catalytic effect on the oxidation of L-ascorbic acid by Methylene Blue in a strongly acidic medium. The reaction is monitored spectrophotometrically by measuring the decrease in color intensity of Methylene Blue at 665 nm. The analysis of Cu 2+ ion is performed by a fixed-time method. At a given time of 2 min at pH 2.20 and 32˚C, the detection limit is 10 ng mL -1 and the relative standard deviation for 0.4 µg mL -1 Cu 2+ is 3.60% (n = 6). The method is free from most of the interferences and the effect of diverse ions on the determination of Cu 2+ is also reported. The proposed method is virtually specific to copper and has been satisfactorily applied to its determination in electric copper wire samples and pharmaceutical products. Results were also verified by the atomic absorption spectrometry technique (AAS).
Introduction
The physiological role of copper as a trace element is well established. It is important to carry out the proper functioning of different metalloenzymes, such as ascorbic oxidase (oxidation of ascorbic acid). Evidence has been presented that at low levels copper is an essential element in the diet, whereas at higher concentrations it is toxic. Because of its toxicity and cumulative effect in the body, copper presents a health problem when it occurs in food or water, even in minute amounts.
A number of sensitive analytical methods are available for the determination of copper. Some of the most commonly used methods are spectrophotometric, [1] [2] [3] fluorometric, 4 thermometric, 5 potentiometric, 6 biamperometric 7 and flowinjection determination 8 methods. Catalytic kinetic methods 9 are an attractive alternative for the determination of trace amounts of copper. Such methods have the general advantage of combining high sensitivity with relatively simple procedures and apparatus. There are many kinetic methods for the determination of Cu 2+ at trace levels based on the catalytic effect of its ion on various inorganic and organic indicator reactions. [10] [11] [12] However, few of them have been used for the determination of copper in real samples, or samples of analytical interest. The chief shortcoming of a kinetic catalytic determination of copper is that in most cases highly sensitive methods are poorly selective, or vice versa. Hence, the development of more sensitive and selective catalytic methods for the kinetic determination of copper is still sought.
Our work enhanced the scope of kinetic studies based on the copper(II) catalyzed oxidation of ascorbic acid by Methylene Blue in strongly acidic media. The system forms the basis for an assay relying on specrophotometric measurements at the wavelength of maximum absorption of the oxidation product of ascorbic acid. The proposed method permits the determination of Cu 2+ at trace levels in different samples of analytical interest.
Experimental
Reagents and chemicals L-Ascorbic acid (H2A) was of BDH AnalR grade and its solution was always freshly prepared. A buffer solution of citric acid-disodium hydrogenphosphate was used as a solvent. Stock solutions of Methylene Blue (M.B.) (5 × 10 -5 mol L -1 ) and ascorbic acid (5 × 10 -3 mol L -1 ) were prepared in a buffer solution of pH 2.20.
An assay solution of 1 g mL -1 of copper wire was prepared by dissolving 1.000 g copper foil (99.99%) in nitric acid (1:1) and heated to expel nitrogen oxide, then diluted with distilled water.
Stress Tabs (manufactured by Cyanamid Pakistan Ltd.,) and Theragran Stress (manufactured by Bristol-Myers SQUIB Pakistan Ltd.,) tablets were purchased from local markets. First, ten Stress Tabs were weighed and pulverized. About 100 mg of tablet powder was accurately weighed and transferred to a 100 mL volumetric flask, which already contained a 50 mL buffer solution of pH 2.20. The mixture was sonicated for 5 min at room temperature and centrifuged for 10 min at 3500 rpm. Diluted solutions were used to determine the copper content in the drug.
The same procedure was adopted to prepare the assay of a Theragran Stress tablet.
Equipment
A temperature-controlled UV-visible spectrophotometer (160-A Shimadzu) was used for an absorbance measurement. The pH was measured with a digital Orion 710 pH-meter (±0.01 pH). The temperature (±0.1˚C) was maintained in the reaction cell with a circulating water bath. In a 10 mL volumetric flask, 3 mL of 5 × 10 -3 mol L -1 ascorbic acid and an appropriate amount of Cu 2+ standard solution were placed and kept in a water bath (32˚C) for 3 min. Finally, a 2.0 mL volume of 5 × 10 -3 mol L -1 Methylene Blue was added to the same flask; 2.0 mL of the reaction mixture was transferred to a spectrophotometric cell and the variation of absorbance vs. time was recorded immediately. The absorbance was measured at 665 nm against a buffer solution.
Results and Discussion
There are several methods, such as fixed-time, fixedconcentration, initial-rate and rate-constant methods, for measuring the catalytic species. In this work we checked three methods: 1. The initial rate was plotted against [Cu 2+ ]. The resulting calibration curve was linear over the range 0.2 -1.0 µg mL -1 and the relative standard deviation (r.s.d.) was 3.8%. 2. Figure 1a shows that the difference in the absorbance of a blank (A0) and a sample (A) increased as the reaction time increased. The most suitable reaction time was 2 min after the addition of Methylene Blue, based on its correlation coefficient. A calibration curve was obtained by plotting the instantaneous rate against the Cu 2+ concentrations. The curve was linear over the range 0.2 -2.0 µg mL -1 with an r.s.d. of 3.6% (Fig. 1b) . 3. In the fixed-concentration method the time needed to decrease a preset absorbance (0.250) was taken as a basis. The determination range for copper between 0.2 -0.8 µg mL -1 was accomplished with an r.s.d. of 6.3%.
The fixed-time method was selected on the basis of its wider determination range and smaller r.s.d. compared to the other two.
The influence of different parameters on the reaction rate was studied to establish the best reaction conditions and maximum sensitivity.
The initial concentrations of H2A in the range of (0.5 to 3.0) × 10 -2 mol L -1 were used to study the influence of Here, k2 is the second-order rate constant; [H2A]t indicates the total concentration of all forms of L-ascorbic acid, and can be set as [H2A] + [HA -] at the working pH. The experimental results showed that the blank and catalytic reactions could proceed only in strongly acidic media (pH < 3.00). Therefore a pH of 2.20 was selected for this work.
The influence of the temperature was studied in a range 20 -40˚C. A temperature of 32 ± 0.2˚C was selected for better sensitivity and a lower detection limit.
The rate equation of the catalyzed reaction is
where k is the rate constant. By integrating Eq. (1) Table 2 .
The detection limit, calculated as the value corresponding to three-times the standard deviation of the blank (uncatalyzed reaction), is 10 ng mL -1 . The relative standard deviation of six replicate determinations is 3.6% for 0.4 µg mL Table 1 Correlation coefficients for the calibration curves at different reaction times after the addition of Methylene Blue
Regression coefficient (r) Reaction time/min each ion tested were mixed to obtain samples containing 1 µg mL -1 of Cu 2+ and up to 3000 µg mL -1 of the foreign ion. The maximum amount of a substance causing an error of less than 5% in the determination of 1 µg mL -1 Cu 2+ was taken as the tolerance limit (Table 3) . Fe Ce 3+ alone has no catalytic effect, but in the presence of Cu 2+ , after reaching the threshold level, it promotes the rate of copper catalyzed reaction significantly, whereas 0.4 µg mL -1 Mn 2+ and Cr 6+ show 12% and 15% inhibition for 0.4 µg mL -1 Cu 2+ ion, respectively.
The proposed method was applied to an analysis of Cu 2+ in two pharmaceutical products and three electric copper wire samples. The obtained results are summarized in Table 4 . The proposed kinetic method is in good agreement and comparable in accuracy and precision with a reference method, i.e. atomic absorption spectrometry (AAS).
The method was also checked against synthetic samples with a known amount of Cu
2+
. The recovery of added Cu 2+ was 92 -95% (Table 4) .
The data given in Tables 4 and 5 show good performance and selectivity of the proposed kinetic method for the determination of Cu 2+ in a variety of samples with a significant advantage to determine copper rapidly in samples over a wider concentration range.
Conclusion
The kinetic method proposed for the determination of Cu 2+ is a sensitive and selective method. It is comparable in accuracy and precision with the reference method and other procedures described in the cited reference.
The procedure is also suitable for the analysis of Cu 2+ in pharmaceuticals, because there is no interference from the excipients normally found in the commercial preparations. In addition, its high sensitivity permits its use in the determination of industrial copper products. 
